There is uncertainty about whether hypoxic injury accompanying donor death from ligature asphyxiation influences renal transplant outcomes, particularly for recipients of kidneys donated after circulatory death (DCD). The UK Registry analysis was undertaken to determine transplant outcomes in recipients of kidneys from donors who 
ligature asphyxiation, individuals may become potential brain death (DBD) or circulatory death (DCD) organ donors. However, ligature asphyxiation in these circumstances is associated with a period of global tissue hypoxia, often of an unknown duration, which may cause warm ischemic injury of the transplantable organs. [4] [5] [6] During ligature asphyxiation there is compression of the carotid arteries, the jugular veins, and the trachea, resulting in raised intracranial pressure, cerebral edema, and catastrophic brain injury. 7 In addition to the above, the victims of ligature asphyxiation may also develop pulmonary edema and multiorgan failure secondary to global tissue hypoxia. 7 While hypoxic tissue injury following ligature asphyxiation is a concern in DBD donors, it may have an even greater impact on organs from DCD donors where the organs are also subjected to a second period of warm ischemic injury between cardiac arrest and cold perfusion of the organs. 8 However, many potential donors who die following ligature asphyxiation are relatively young and previously healthy, and therefore might be a source of good quality kidneys that can be used safely for transplantation. 3 However, the evidence on which to base decisions regarding the use of organs from deceased donors following ligature asphyxiation is limited and comprises case reports and single-center experiences. [4] [5] [6] Moreover, the published experience relates almost exclusively to DBD donors, with little or no published evidence for DCD donors who are becoming an increasingly important source of organs for transplantation. [4] [5] [6] To improve the evidence base and aid decision making on the use of organs from donors who die following ligature asphyxiation, we undertook a retrospective national (the United Kingdom [UK]) cohort study of all kidney transplants performed using organs from DBD and DCD donors.
| ME THODS

| Identification of deceased donors who died secondary to ligature asphyxiation
The UK Transplant Registry (UKTR) was examined to identify deceased organ donors in the UK between January 1, 2003 and December 31, 2016 who died secondary to ligature asphyxiation. Death from ligature asphyxiation (including suicide by hanging and strangulation) is not currently one of the 65 designated causes of death in the UKTR and so to identify organ donors who may have died from ligature asphyxiation, the free text entries for all deceased organ donors were searched using the search terms "strangled", "strangulation", "hanging", "ligature", "suicide", "hung", "noose", "asphyxiation", and any abbreviations or common misspellings of these terms. The free text entries of the donors identified were then manually reviewed. The free text entries of all organ donors whose cause of death was stated as "other trauma-suicide" and "other trauma-unknown causes" were also manually reviewed to identify a further cohort of donors who died secondary to ligature asphyxiation.
Information on whether a donor had a previous history of intravenous drug use (IVDU) or imprisonment was collected as described previously. 9 For the purposes of this study, "potential donors" were defined as deceased donors for whom consent/authorization for organ donation had been obtained, "proceeding organ donors" as deceased donors who had one or more solid organs removed for transplantation on the basis that recipient centers had provisionally agreed to use them for transplantation, and "utilised organ donors" as proceeding organ donors whose organs where eventually transplanted.
Only Maastricht category, three DCD donors and all DBD donors were included in the analysis. 8 
| Identification of recipients who received organs from donors who died from ligature asphyxiation
The UKTR was examined to identify the recipients of kidneys (both single and dual kidney transplant recipients) from donors who died secondary to ligature asphyxiation in the UK between January 1, 2003 and December 31, 2016 and information on death censored graft survival and patient survival was collected. In recipients of renal allografts, one year eGFR was calculated.
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All cause graft failure was taken as time from transplantation to graft nephrectomy or return to permanent dialysis, whichever was earlier, or to death of the patient with a functioning graft. Survival of the patient was defined as time from transplantation until death.
We defined PNF as failure of a graft to ever function. DGF was defined as the need for dialysis within the first 7 days after transplantation (excluding recipients with PNF). Graft survival was censored at 5 years. Warm ischemic time was defined as the time from circulatory arrest to cold perfusion of the kidneys. Downtime was defined as either time from discovery of cardiac arrest until return of circulation following resuscitation or when the free text entries in the registry referred to the time as downtime. Cox proportional hazards regression model was fitted with factors known to have impact on patient and graft survival. Patient and graft survival were censored at 1 year to determine factors associated with 1-year survival and at 5 years to determine the factors associated with 5-year survival. This was performed as a large proportion of donors who died following ligature asphyxiation had kidneys used for transplantation in the last 3 years.
| Statistical analysis
Patients without graft or patient follow-up (n = 79 [0.4%]) were not included in the analysis. Log cumulative hazard plots were drawn and proportionality of hazards were checked using log-log plots. All analyses were performed using Statistical Analysis System (SAS) (version 9.3; SAS Institute Inc., Cary, NC) and P < .05 were deemed to be statistically significant. 
| Factors associated with potential deceased donors proceeding to donate kidneys for transplantation
A multivariable analysis was undertaken on all potential donors (n = 19 310) to determine whether death from ligature asphyxiation was independently associated with a potential donor proceeding to donate one or more kidneys for transplantation. As shown in 
| Clinical characteristics of proceeding kidney donors (DBD and DCD) who died from ligature asphyxiation
The clinical characteristics of proceeding kidney donors who died after ligature asphyxiation and those who died from all other causes are shown in Table 3 ; the data are shown separately for DBD and DCD. Both DBD and DCD kidney donors who died from ligature asphyxiation were significantly younger and a greater proportion were male than those DBD and DCD donors who died from other causes.
Donors who died following ligature asphyxiation (both DBD and DCD donors) had a markedly lower incidence of hypertension and cardiac disease than donors who died from causes other than ligature asphyxiation. The proportion of kidney donors who died following ligature asphyxiation who had diabetes mellitus was numerically lower than that of donors who died from all other causes, but the difference was only significant in the case of DCD donors.
More kidney donors (both DBD and DCD) who died following ligature asphyxiation had a history of smoking compared to all other cRF, calculated reaction frequency; DBD, donation after brain death; DCD, donation after circulatory death; HLA, Human Leucocyte Antigen. HLA mismatch level (levels 1-4) was defined according to the UK allocation policy for kidneys from brain-death donors and was based on the mismatch between donor and recipient.
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Missing data were <1% gender and HLA Mismacth level ethnicity and recipient sex and <2% for cold ischaemic time, 37% for warm ischaemic time.
deceased donors. DBD and DCD donors who died following ligature asphyxiation had significantly higher predonation serum creatinine levels. half of the transplants using kidneys from such donors were performed in the last 4 of the 14-year study period.
| Clinical characteristics of recipients of kidneys from donors who died following ligature asphyxiation
| Outcomes in recipients of kidneys from donors who died following ligature asphyxiation
The The results for the multivariable analyses (both unadjusted and adjusted) are shown in Table 5 . Numerically, 1-year and 5-year patient and graft survival were superior when the donor's cause of death was by ligature asphyxiation than by other causes, both before and after confounder adjustment (Table 5 .452
CI, confidence interval; DBD, donation after brain death; DCD, donation after circulatory death; HR, hazard ratio; OR, odds ratio; PE, parameter estimate.
Of the 21 682 deceased donor kidney-only transplant recipients, 18 258 (82.3%) had 12-month posttransplant serum creatinine recorded and, of these, data were available to calculate eGFR for 18 216. Twelve-month eGFR were significantly higher for those who received kidneys from donors who died from ligature asphyxiation (both DCD and DBD) ( Figure 6 ).
To examine the impact that donor death by ligature asphyxiation had on 12-month posttransplant eGFR, a multivariable linear regression model was fitted. Following adjustment for donor and recipient factors, death by ligature asphyxiation was not an independent predictor of 12-month eGFR (P = .452).
To assess whether the additional warm ischemic insult from ligature asphyxiation in DCD donors impacted on transplant outcomes, a separate multivariable analysis of such donors was performed. This revealed that even after adjusting for warm ischemic time in DCD donors there was no difference between transplant outcomes for recipients of kidneys from DCD donors who died following ligature asphyxiation and all other DCD donors (Table S1 ).
To reduce the impact of potential bias from confounding variables, a case-control propensity score matched analysis was also performed. Recipients of kidneys from donors who died following ligature asphyxiation (n = 622) were matched to controls based on propensity scores generated using selected donor and recipient variables (see Methods). This analysis showed all transplant outcomes of recipients of kidneys from donors who died following ligature asphyxiation were similar to those in the matched control group (Table 6 ). An additional case-control propensity score matched analysis was performed comparing outcomes in recipients of kidneys from DCD donors who died following ligature asphyxiation and controls who received DCD donor kidneys. This also confirmed that kidneys from donors who died following ligature asphyxiation had similar outcomes to matched controls (data not shown).
| D ISCUSS I ON
Organ donors who die following ligature asphyxiation represent a relatively small but important proportion of the overall deceased donor population (~3% in the present study). Most of these deaths result from attempted suicide by hanging and tragically the incidence of this continues to increase, predominantly among younger males where suicide is the second most common cause of death. 1, 15 The Interestingly, the present analysis showed that potential organ donors who died following ligature asphyxiation were more likely to donate one or more kidneys for transplantation than all other potential deceased donors, even after adjustment for key favorable donor factors including donor age. For those donors who died following ligature asphyxiation, who had a cardiac arrest and an estimated "downtime" before restoration of circulation, the data available suggested that this did not influence whether or not a potential donor proceeded to kidney donation. Donors who died following ligature asphyxiation were more likely to proceed to kidney donation if they had a history of imprisonment (7.4% of such donors had a history of imprisonment). This may be because donors who died by hanging while incarcerated had a shorter time to resuscitation but this is speculation.
Another potential weakness of the study is that donor cause of death from ligature asphyxiation was not one of the 65 reportable causes of death recorded in the transplant registry and so identification of such donors relied on manual review of the free text entries for all deceased organ donors using specific search term variables. It is unlikely that a significant number of donors who died following ligature asphyxiation were not identified, but it is possible that the numbers presented represent an underestimate of potential donors who died following ligature asphyxiation. The dataset used in the present study had very little missing data for most of the key variables. However, a further limitation of the analysis is that for some variables missing data may impact on the results and their interpretation. There were very few missing data on graft and patient survival (<0.5% overall and 0%
for recipients of kidneys from donors who died from ligature asphyxiation). In the case of 12-month eGFR, data were missing in 17.8% of the entire study cohort, but this was distributed equally between recipients who received kidneys from donors who died following ligature asphyxiation and those who did not, making bias less likely.
In conclusion, the findings from the present analysis show that use of kidneys from both DBD and DCD donors who died following TA B L E 6 Transplant outcomes in a 1-1 case-control propensity score matched analysis of recipients of kidneys from donors who died following ligature asphyxiation and their matched controls. Propensity scores were estimated using the following donor and recipient ligature asphyxiation result in excellent transplant outcomes. In view of this, increasing consideration should be given to the use of kidneys from potential donors who die following ligature asphyxiation and whose kidneys are currently declined for transplantation. To inform the increased use of such kidneys, the concept of total global tissue hypoxia from initiation of ligature asphyxiation to cold perfusion of the kidney with preservation solution may be helpful. Global hypoxia begins shortly after hanging is initiated and extends until discovery and initiation of resuscitation: its duration is highly variable and in many cases unknown. In most patients in the present cohort, this was followed by a period of "downtime"
extending from discovery of a patient with no cardiac output until cardiac output is successfully reestablished and the patient is transferred to a critical care unit. Currently, a minority of patients has recorded "downtimes" and there is a need for improved docu- 
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